5553 % 4 1 ] I A B %5 HFH K Vol. 53 No. 1
20214 1 11 ADVANCED ENGINEERING SCIENCES Jan. 2021

AT
DOI:10.15961/j.jsuese.201901183
Stephenson- Il & ¥ ] 75 #F #1 #4311 45 & 891X Bk #%
ZERV RWARY, R, ZHE

(LA F IR A A s k4B, JE AT 1008765 2 AEJCHR Tk 2% MU T RE 2B, WL JE 1 063210)

1 EONIRAME S LA B B RS R A A TR AN &2, i#E— 25 42 75 Stephenson- TSP 18 7S FFHLAL 2
SN LR A R EE, B T — PP 5L T8 [C G - 1 S FF DL BT 25 A W ARBCR 87 75 125 o 18 52 f Stephenson- TTT
RSP 7S FEHU R 538 PUFE B AN AT 2, X531 AR S afE AT AR o A2 R O B ST 286 145 30 42 I DU FE AL
WIS LR L, RIS 5 B e, B T &8 4 M AT R B i 3 0 /o R =X, 8 th R IR m
HIIEFEEL A PR B A BT K B R, Sl TH TG ARBR R e A6 o8 th AR i L SEATHE f sR BRI S R s A
AN R BT R Z IR BB, A8 T A MU TR R AT R A R BRI SO A, e T
% £ PRECE I SRS TR 5 (A] 1) PRI 3R o R X — PRBSOC R T 255 BT B2, I Groebner ARG 1T
THIC, ¥ Gt B AT & 8 DU BT S 8RN FF 4% £ pRBOE I S 80— oo MR Oy 2, SR A 2045 i — 14
BETAR 5 AR BT, BT 1 A 0 AP A5 T8 B 0 3 28 280 R N O R A T R AT LA Bl 25 6, v] LAAS 3]
220 P FFHLAG B 1240 TS E DL R A AT AL 441 028, B A 4 SRl A T4l A, e8] A4S 5114841 Steph-
enson- I B[ S FFHLAG LI 255 B TS50 5032 30 5 BB P X 25 & 45 AT B0 E, R 0 FL R S A ith i, &
T3 F A, AR 25 A iR 25, S & Al 18 B0 L BRI S 5UE  TEENS 0T I LAl |, 2 098 2%
BB T 0 %O AT BB 25 4 1 B AR R, FUTIMATLABE 40 5 SR AR IF , 130 4 508 S 9 30 TE 1% 5 vk 1)
R AN T A7 o 45 JEF B . %5 1 5230 T Stephenson- 125 - T 7S FFHLAG IO EE L2 BB 458, SR T RS s 32 0L
F AR B EBR S, TCIE LB 2 ST LA A R . 5 B8 BUER RS E AL LR L, 1 A TR e ST
BB RS, WANTR BRI AL (E , Hol i Jr R sR A Bl 28 B U0t 45 5, B SR Mk B o IH Rt  mT &
PSR P E AT, BEIME T 5L R, AL ZE & SR I R ER A T BB SERT .

5% $217):Stephenson- Il B - [ 7S FFALA 5 BT 25 5 B RB0E

FE 5 HKS THII2 XRKARERD:A X E RS :2096-3246(2021)01-0155-07

Algebraic Solution for Path Synthesis of Planar Stephenson-Ill Six-bar Linkage
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(1.School of Automation, Beijing Univ. of Posts and Telecommunications, Beijing 100876, China;
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Abstract: In order to overcome the disadvantage of conventional precise point methods, optimization approaches and numerical atlas, and further
improve the accuracy of continuous path synthesis of planar six-bar linkage, a novel analytical approach with Flourier series was presented to
solve path synthesis problem for planar six-bar linkage. Firstly, the planar Stephenson-Ill six-bar linkage was decomposed into a four-bar linkage
and a two-bar group for the purpose of decoupling the design parameters of linkage. Then, on the basis of obtaining the design parameters of the
four-bar linkage on the left by the established comprehensive method, a closed vector equation containing the design variables of the two-bar
group on the right was established based on the complex vector theory. The linkage rotation angle function was formulated according to the Fouri-

er series, and substituted into a vector loop equation. Through eliminating and substituting, the vector loop equation was changed into a complex
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number equation that contain the design variables of mechanism, the harmonic parameters of the linkage rotation angle function and the input
angle. With regard to the properties of the complex exponent, the mathematic expression containing the design variables of mechanism and the
harmonic parameters of the linkage rotation angle function was obtained. Accordingly, the relationship between the design variables and the syn-
thetic design harmonic parameters of rotation angle function was obtained. According to this function relation, the synthetic design equation was
established. Through the elimination Groebner base algebra approach, the comprehensive design equation was simplified into a unary quartic
equation containing the design parameters of the mechanism and the harmonic parameters of the linkage rotation angle function, the analytical
solutions for the two-bar group on the right was derived and the general formula for calculating the design variables of the right two-bar group
was established. Using the method of connecting rod mechanism path synthesis, 12 groups of design parameters of the four-bar linkage on the left
and 4 groups of design parameters of the two-bar linkage on the right can be obtained. By combining the results, 48 sets of integrated design para-
meters of planar Stephenson- Il six-bar linkage path synthesis can be obtained. Through the dynamic simulation program, the comprehensive res-
ults were verified to check whether there were cranks, branching problems and order problems. And the design parameter value which met the re-
quirements can be finally obtained according to comprehensive error. Based on the aforementioned theory, the procedure of solving path synthes-
is problem by the proposed method can be obtained. The computer programs have been developed for the proposed method by MATLAB for
solving the problem. An example was provided to verify the validity and feasibility of the proposed method. Verification results showed that the
proposed approach can overcome the shortage of multi-point path synthesis method and to solve path synthesis problems for planar Stephenson-
Il six-bar linkage with no limitations on the number of precision points. Compared with numerical atlas and optimization approaches, the pro-
posed method avoided the use of extensive numerical atlas databases and optimal initial solutions, and obtained the results by solving the equa-
tion. Therefore, this approach has the characteristics of high accuracy, fast solution velocity and high repeatability, and is suitable for computer
programming. The research of this approach provided the theory basis for development of synthesis software.

Key words: planar Stephenson-lll six-bar linkage; path synthesis; Fourier series; analytical approach
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Fig. 1 Illustration of a planner Stephenson-Ill six-bar linkage
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Tab.1 Coordinates of prescribed points of E and P

FF5 /(%) E; E, Py Py R /(%) E, E, P, P,
1 0.00 39.03 131.26 47.98 230.85 33 180.00 -38.91 82.73 —28.56 182.19
2 5.63 46.27 141.02 59.13 240.18 34 185.63 —40.10 76.88 -31.17 176.48
3 11.25 52.76 149.44 69.29 248.06 35 191.25 —-40.95 71.24 -33.44 170.96
4 16.88 58.13 156.52 77.96 254.53 36 196.88 -41.47 65.83 -35.40 165.65
5 22.50 62.14 162.36 84.85 259.75 37 202.50 —41.68 60.68 -37.06 160.57
6 28.13 64.71 167.10 89.83 263.90 38 208.13 —41.60 55.80 —38.42 155.75
7 33.75 65.86 170.90 92.94 267.16 39 213.75 —41.22 51.22 —-39.50 151.20
8 39.38 65.68 173.86 94.30 269.68 40 219.38 —40.58 46.94 —40.32 146.94
9 45.00 64.32 176.08 94.08 271.55 41 225.00 -39.68 43.00 —40.89 143.00
10 50.63 61.91 177.61 92.46 272.82 42 230.63 —38.54 39.41 —41.21 139.38
11 56.25 58.60 178.48 89.65 273.53 43 236.25 -37.17 36.20 —41.30 136.11
12 61.88 54.55 178.72 85.82 273.70 44 241.88 —-35.60 33.38 —41.16 133.22
13 67.50 49.89 178.34 81.16 273.32 45 247.50 -33.84 30.98 —40.79 130.73
14 73.13 44.76 177.35 75.83 272.40 46 253.13 -31.90 29.02 —40.22 128.67
15 78.75 39.26 175.77 69.96 270.94 47 258.75 -29.81 27.54 -39.43 127.08
16 84.38 33.50 173.61 63.69 268.95 48 264.38 —27.60 26.57 -38.44 125.98
17 90.00 27.60 170.89 57.14 266.43 49 270.00 -25.27 26.14 -37.24 125.42
18 95.63 21.64 167.63 50.41 263.40 50 275.63 —22.85 26.29 -35.83 125.45
19 101.25 15.69 163.86 43.61 259.88 51 281.25 —20.35 27.09 -34.19 126.12
20 106.88 9.84 159.61 36.81 255.90 52 286.88 —-17.80 28.57 -32.32 127.51
21 112.50 4.16 154.92 30.10 251.50 53 292.50 -15.19 30.80 -30.18 129.67
22 118.13 -1.32 149.84 23.53 246.70 54 298.13 -12.53 33.87 —27.75 132.70
23 123.75 —6.52 144.41 17.18 241.56 55 303.75 -9.80 37.84 —24.94 136.69
24 129.38 —11.43 138.69 11.07 236.13 56 309.38 —6.97 42.83 -21.70 141.74
25 135.00 -15.99 132.73 5.26 230.44 57 315.00 -3.98 48.91 -17.90 147.94
26 140.63 —-20.20 126.58 -0.24 224.57 58 320.63 -0.73 56.18 —-13.41 155.37
27 146.25 —24.03 120.30 -5.38 218.55 59 326.25 291 64.69 -8.03 164.08
28 151.88 —27.47 113.95 -10.17 212.44 60 331.88 7.10 74.41 -1.59 174.03
29 157.50 -30.53 107.57 —-14.58 206.29 61 337.50 12.01 85.20 6.10 185.03
30 163.13 -33.19 101.21 —-18.63 200.15 62 343.13 17.76 96.78 15.12 196.74
31 168.75 —35.47 94.93 -22.30 194.06 63 348.75 24.34 108.68 25.36 208.67
32 174.38 -37.37 88.75 —25.61 188.06 64 354.38 31.56 120.35 36.50 220.22
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B EL Cn c, b,
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3 0.734-0.424i 0.004-0.007i 0.001-0.005i
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